Abstract: This paper examines the effect of Hurricane Katrina on the populations of 79 ZIP code areas in Louisiana (55) and Mississippi (24) devastated by the hurricane. We compare pre-Katrina population projections for 2007 with postKatrina projections for 2007 and 2010 and estimate that Katrina reduced the area's population by 311,150 people (21.2%) from the 1,464,280 expected in the absence of Katrina. We also find a striking difference between Louisiana and Mississippi. In the 55 Louisiana ZIP codes, the black population was reduced both absolutely and relatively more than the white population (loss of 150,032 blacks v. 107,845 whites, or 32.7% v. 19.8%). In contrast, the white population in the 24 Mississippi ZIP codes was reduced both absolutely and relatively more than the black population (28,812 whites or 10.3% v. 5,003 blacks or 6.3%). Our analysis suggests that Katrina's demographic effects are profound, and may persist well beyond the 2010 U.S. Census.
I. INTRODUCTION
At the time of its August 29 th , 2005 landfall on the Louisiana and Mississippi Gulf Coast, Hurricane Katrina represented the one of the greatest natural disasters in American history. The geographic impact extended over 90,000 square miles, roughly the size of Great Britain, and at least 1,836 people lost their lives [1] . Swanson et al. observe that while such numbers are staggering and generally accurate, they are only estimates of Katrina's actual impact; complete counts in the wake of large-scale disasters are typically impossible due to the ephemeral nature of the data and the high cost of collecting it [2] . Unfortunately, many of these estimates are not informed by on-the-ground research, exceptions to this being those developed by Swanson [3] and Swanson et al. [2] .
In many ways, Hurricane Katrina represents two distinct disasters, natural and man-made [4, 5] . Van Heerden and Bryan attribute the flooding that affected New Orleans and surrounding areas to a series of human errors [5] . They also argue convincingly that the disastrous waves that hit the coast of Mississippi originated in part along the eastern side of the Mississippi River Levee. As Katrina approached landfall, it pushed massive amounts of water in front of itself. Van Heerden and Bryan contend that these waters were held in place by the levee instead of being allowed to flow back *Address correspondence to this author at the Department of Sociology, University of California Riverside, Riverside, CA 92521, USA; Tel: 951 827 4373; Fax: 951 827 3330; E-mail: David.swanson@ucr.edu out into the Gulf of Mexico and that once the hurricane eye moved over Lake Borgne, northwest quadrant winds threw this piled-up water against the coast of Mississippi [5] . If this is true, the most damaging waves may not have been due to storm surge alone, but to effects from man-made structures as well. To the extent that these structures remain in place, future storms that follow a similar path may pose an equally dangerous threat to the Mississippi Gulf Coast population. It may also indicate that building higher and stronger levees in Louisiana -a current plan of action to assist New Orleansmay exacerbate Mississippi's future storm damage even more.
The distinction between natural and man-made damage from Katrina is germane to our study, but it is not our primary focus. Instead, our research has two major aims. First, it complements Frey and Singer, who provided the first comprehensive demographic portrait of the effects of hurricanes Katrina and Rita on Gulf Coast populations in the 117 counties comprising the FEMA-designated disaster area [6] . We contribute to this portrait by examining the twenty-four ZIP code areas in three Mississippi counties (Hancock, Harrison, and Jackson) and the fifty-five ZIP codes in five Louisiana parishes (Jefferson, Orleans, Plaquemines, St. Bernard, and St. Charles) that bore the brunt of Katrina's impact. Similar to Frey and Singer [6] , we use a perspective adopted from socio-economic impact analysis [7] . Second, we extend the work of Swanson [3] , who examined the effect of Katrina on the populations of twenty ZIP codes that were at the epicenter of Katrina's landfall on the Mississippi Gulf Coast. We extend his analysis to the entire area affected by Katrina by applying the same "impact" perspective and by examining population changes at the county/parish levels of geography for these same areas. Analysis at the ZIP code level is useful for two reasons. First, ZIP codes are used by many private and public sector entities for planning [8] [9] [10] [11] [12] . Second, ZIP codes provide a high enough level of geographical aggregation so as to provide meaningful statistical estimates and they provided a low enough geographical aggregation to provide a fairly precise identification of the area most devastated by Katrina's landfall. In particular, there were seventy-nine ZIP codes at or near the epicenter of Hurricane Katrina, with fifty-five in Louisiana and twenty-four in Mississippi. The fifty-five ZIP codes in Louisiana cover areas in New Orleans and immediate environs that were severely affected by flooding. The twenty-four ZIP codes in Mississippi cover the Mississippi Gulf Coast from Alabama to Louisiana in an area extending north from the Gulf Coast approximately fifteen miles. These areas were largely affected by a combination of wind and storm surge, although the combination varied according to proximity to the Gulf (including the Bay of St. Louis) and waterways leading from the Gulf [5] . A representation of the study area is provided in Fig. (1) , which shows all 79 ZIP codes and their elevations.
As noted earlier, we utilize a variation on Swanson's "impact" perspective [3] . Specifically, we compare the estimated demographic effects of Katrina with estimates that are made in the absence of Katrina. It is a variation of the impact perspective because socio-economic and environment impact analyses are typically done in advance of a planned impact, not after the fact [7, [13] [14] [15] [16] [17] . However, in the case of an unplanned event like Katrina, the concepts, perspectives, and tools of impact assessment prove to be very useful. This is important because Swanson found that such a comparison for Katrina-impacted counties in Mississippi suggested that Katrina's demographic effects are profound and not only likely to affect the 2010 census counts in these areas, but that they may persist well beyond [3] .
Before describing the data and methods used in this study, it is worthwhile to note here what is meant by the post-disaster phases of rescue, relief, and recovery/ rehabilitation. The definitions provided by the Asian Disaster Reduction Center are used for this purpose [18] . We begin with the "rescue phase," which usually consists of a forty-eight hour period immediately following a disaster in which local people and trained professionals attempt to save lives among the affected population. When rescue operations end, the relief phase begins in which food, water, clothing, medical supplies, shelters, and other elements associated with basic survival are delivered to the affected population. This phase usually lasts between one to three months. In the recovery/rehabilitation phase, social, economic and other infrastructures are restored and the economy revitalized. In the short term, debris clearing and removal usually takes place, while in the longer term, rebuilding is undertaken. This phase usually lasts for one to several years, but can be as long as five years. Because we are examining the impact of Katrina approximately two years after it struck, our analysis views the demographic impacts of Katrina into the recovery/ rehabilitation phase.
II. DATA AND METHODS
The 2007 "baseline" population estimates made in the absence of Katrina are found by interpolating between 2005 estimates and 2010 projections developed by ESRI prior to Katrina [19] . The 2007 Katrina-impacted population estimates were developed by ESRI from the initial 2006 estimates of the effects of Katrina [20] . Although several information "post-census" sources are used to re-calibrate the baseline projections, they were produced using the cohortcomponent method, which is a standard population projection method [21] . In generating these projections, census 2000 data were used as the launch year while trends between the 1990 and 2000 censuses were used to generate preliminary projections. The preliminary projections were, in turn, revised using information that is symptomatic of population change that became available after the 2000 through to July 1 st , 2005, which is just prior to the landfall of Katrina.
The 2007 Katrina-impacted estimates represent the baseline projections that were informed by additional information specific to Katrina. To quantify the damage to housing and the displacement of population, ESRI applied FEMA data, which included maps of the impacted areas, damage polygons, and summary counts of applicants for FEMA assistance. Beginning with the damage polygons that FEMA compiled from surveys and aerial photographs of damaged areas after the storms, the first step was to assign the damage polygons to census blocks in order to link the damage assessment to demographic data. When a block was linked to multiple damage codes, manual review was used to assign a unique damage code to the block. The block tables were merged with Census 2000 block data (revised), aggregated by damage code and block group, and applied to ESRI's 2005 block group updates to estimate population, households, and housing units by damage code.
Damage assessments from FEMA ranged from "catastrophic" to "limited" or "possible flooding". To associate the condition of the housing with population displacement, field work was used. "Catastrophic" or "extensive" damage is obvious -homes are destroyed or uninhabitable. However, damage due to "flooding" or "possible flooding" is not as apparent. The homes are still standing. Similarly, "moderate" or "limited" damage do not necessarily imply that homes are uninhabitable or that the residents have left. Neighborhoods in Orleans, St. Bernard and Plaquemines Parishes and Hancock County in Mississippi were surveyed in February 2006 to determine if the damage codes were realistic, the residents had returned, or progress on recovery was evident.
Final estimates of the damage assessments by population, households, and housing units were combined with summary counts from the U.S. Postal Service (USPS) National Change of Address file to estimate the households that left. However, out-migration is only half of the picture. To complete the population and household totals in 2006, the next step was to estimate the destination of evacuees, either returned to their homes or relocated elsewhere. The estimated destination of evacuees was based upon the USPS tabulation of destination from the change of address forms filed through December 2005. In-migration was calculated by county first and then apportioned to ZIP codes. Return migration to impacted areas was assumed to occur first in the areas with limited damage from the storms.
The characteristics of movers were developed from their points of origin, first by block and then by block group. Among the areas that experienced a net loss of population and households, the characteristics were calculated by applying ESRI's standard techniques for updating age, race and Hispanic origin, income, etc., to the smaller population/household bases [22] . The estimated change in characteristics among destination areas was derived from the characteristics of the movers. Many evacuees tried to settle as close to their homes as possible, which created a major influx of evacuees in nearby towns. Under these circumstances, the evacuees could create significant changes in the profiles of destination communities.
Building from the initial 2006 estimates, the 2007 estimates of the Gulf Coast populations incorporate the usual sources of data, including postal delivery statistics released later in 2006 and 2007, to integrate past and current change in the distribution and characteristics of the population along the Gulf Coast [23] .
The difference between the baseline projection interpolated to 2007 and the Katrina-impacted estimate for a given area is used to gauge the impact of Katrina. The authors argue that this is more appropriate that simply comparing postKatrina population estimates to pre-Katrina population data. A simple empirical example serves to illustrate this point.
Consider Mississippi Zipcode, 39525 ("Diamondhead"). The "impact" comparison we advocate is germane to two types of areas: (1) those that were experiencing population increases prior to a large scale disaster; and (2) those experiencing population losses. For areas that had growth rates of at or near zero prior to a large scale disaster, the two comparisons will result in the same difference. We believe that the impact perspective we use in this paper is particularly useful for areas subject to hurricanes because of the extensive growth these areas have experienced and are expected to continue experiencing [24] .
III. RESULTS

III.A. LOUISIANA
As can be seen in Table 1 , thirteen of the 55 impacted ZIP code areas in Louisiana experienced a relative loss of more than 50 percent of the population. Four of them are located either within or in direct proximity to New Orleans (70124, 70126, 70127, and 70043) and had more than a 70 percent loss. In total, we estimate that Katrina reduced the population of the 55 ZIP codes in Louisiana by 273,913 people, from the 1,080,456 expected as of July 2007 in the absence of Katrina to the 806,545 estimated as of July 2007 after Katrina struck ( Table 2) . This is a 25.35 percent reduction.
As can be seen by comparing Tables 3 and 4, the black population ( Table 3 ) of these 55 ZIP codes was reduced both absolutely and relatively more than the white population ( Table 4) . The black population experienced a 32.68 percent loss (from 459,116 to 309,084, a loss of 150,032) compared to a 19.78 percent reduction in the white population (from 545,133 to 437,288, a loss of 107,845).
Although we do not show the tables due to space limitations, we note some results by gender and age (data available upon request). Males and females were reduced at about the same level as the total population, about 25 percent. Similarly, other than the youth dependent and frail elderly populations, which both experienced a 27 percent reduction, the relative losses by age group were also around 25 percent.
III.B. MISSISSIPPI
As can be seen in Table 5 , three ZIP code areas containing low-lying areas along the Gulf Coast bore the brunt of Katrina's landfall in Mississippi and its demographic impact. ZIP code 39520 (Bay Saint Louis, Hancock County) is estimated to have been hit the hardest in terms of its relative population loss, which was 8,366 people (44.7%), from 18,760 to 10,374. Four of the twenty-four Mississippi ZIP codes experienced population gains in terms of what was expected as of July 2007 in the absence of Katrina. Table 6 provides the summary effects of Katrina by examining the difference between the Katrina-impacted estimate of the total population and the estimate in the absence of Katrina we examined for the six ZIP codes in Hancock County, the eleven ZIP codes in Harrison County, and the seven ZIP codes in Jackson County, respectively. We estimate that Hurricane Katrina led to a reduction of 13,111 people in the six ZIP codes in Hancock County, which is 31.73 percent less than the 41,324 expected in these five ZIP codes in the absence of Katrina as of 2007. For the 11 ZIP codes in Harrison County, the effect is estimated to be a reduction of 22,323 people, which is 10.55 percent less than the 211,537 expected in these ZIP codes in the absence of Katrina. The effect of Katrina on the seven ZIP codes in Jackson County is less than in Hancock and Harrison counties, both absolutely and relatively: a reduction of 1,803, which is 1.38 percent less than the 130,961 expected in these ZIP codes in the absence of Katrina. Over all of the 24 ZIP codes in Mississippi, Katrina is estimated to have reduced the population by 37,237 people, from 383,633 to 346,545 as of July of 2007. This represents a 9.70 percent reduction.
As can be seen by comparing Tables 7 and 8, the white population (Table 8 ) of the twenty-four ZIP codes examined in Mississippi was reduced both absolutely and relatively more than the black population ( Table 7) , with a 10.28 percent loss (from 280,187 to 251,735 or a loss of 28,812) compared to a 6.26 percent reduction (from 79875 to 74,872 or a loss of 5,003).
Similar to what was found for the white population, in spite of the overall loss of the black population, seven ZIP codes experienced gains in their black populations relative to what was expected in the absence of Katrina.
As with the Louisiana data, we do not show tables by gender and age in the interest of brevity, but we do provide some summary statistics (data available upon request). In Mississippi, males and females were reduced at about the same level as the total population, about 10 percent. Similarly, other than the youth dependent and frail elderly populations, which both experienced a 10 and 13 percent reduction, respectively the relative losses by age group were around 9 percent. Basically the same ZIP codes experiencing gains in the total population and the black and white populations also experienced gains by gender and in these age groups, while the remaining ZIP codes experienced losses by gender and in all of the same age groups.
III.C. SUMMARY EFFECTS
Over all 79 ZIP codes, Katrina is estimated to have reduced the "expected" population by 311,150 people, from 1,464, 280 to 1,153,130 as of July 2007. This represents a (Fig. 3) . The white population is estimated to have been reduced by 136,657, from 825,320 to 688,663, a 16.56 percent reduction (Fig. 4) .
Males and females are estimated to have been reduced by about 21 percent, the same rate as the total population. With the exceptions of the youth dependent age group (ages 0 to 14) and the frail elderly age group (85 years and over), age groups of interest also experienced around a 20 to 21 percent reduction. The youth dependent population and frail elderly were slightly higher with reductions of 23 and 25 percent, respectively.
The most striking difference between Louisiana and Mississippi is in terms of race. The black population of the 55 ZIP codes examined in Louisiana was reduced both absolutely and relatively more than the white population, with a 32.68 percent loss (from 459,116 to 309,084, a loss of 150,032) compared to a 19.78 percent reduction (from 545,133 to 437,288, a loss of 107,845). In Mississippi, however, the losses by race are very different, where the white population in the 24 ZIP codes examined in Mississippi was reduced both absolutely and relatively more than the black population, with a 10.28 percent loss (from 280,187 to 251,735 a loss of 28,812) compared to a 6.26 percent reduction (from 79,875 to 74,872, a loss of 5,003). Again, these results can be seen in Figs. (3 and 4) . Fig. (3) . Black population reduction (%) in the study area due to Katrina. Fig. (4) . White population reduction (%) in the study area due to katrina.
IV. DISCUSSION
We believe that the 'impact' perspective we employ is particularly useful for purposes of assessing the effects of a large scale disaster into the future. Using this perspective in this paper suggests that in the case of Katrina's impact on the New Orleans area and the Mississippi Gulf coast, the effects of a disaster can be long-lasting. The demographic impacts of Katrina on the Mississippi Gulf coast will be apparent when data from the 2010 U.S. Census are released; it is our belief that they could well extend into the 2020 decennial census. Together with previous research [6] , our research suggests that the demographic effects of Katrina (and Rita) are likely to be felt not only in the 79 ZIP codes we examined, but in areas of extended proximity like the parishes in the area of Baton Rouge, Louisiana, and the counties around Houston, Texas. We estimate a population loss of 311,000 people in our study area; these human lives did not simply disappear. Cossman finds that "agents of delay" have served to extend Katrina's effects on this same area and he argues that these same agents will be associated with future disasters, both natural and man-made [24] . This is a perspective that, like our empirical findings, appears to run contrary to the post-disaster "recovery machine," a hypothesis described by Pais and Elliot [25] that has roots in the growth machine hypothesis advanced by Molotch [26] and Logan and Molotech [27] 1 We also believe that the "impact" perspective employed in this paper provides a useful way to analyze the demographic effects of a disaster. We have compared the estimated demographic effects of Katrina with estimates that are made in the absence of this disaster. Our use of the impact perspective is novel because socio-economic and environment impact analyses are typically done in advance of a planned impact, not after-the-fact as we have done here. We believe that concepts, perspectives, and tools of impact assessment of can be extended to unplanned natural disasters like Katrina, and we hope that this research is a useful first step. Using these tools would, for example, fit squarely within a recommendation made by Saenz and Peacock about the need to develop more comprehensive and meaningful mitigation planning relative to large scale disasters [28] .
ENDNOTE
A critical review of the growth machine hypothesis is found in Jonas and Wilson [29] .
